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Change for the Future

Life Cycle
Performance

* A change is needed in how
concrete mixtures are designhed

* We need a solution that
addresses sustainability and
performance that scales

* The time for

change Is how Reduce Reduce Cement
Clinker Content
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Change for the Future

Life Cycle
Performance

* A change is needed in how
concrete mixtures are designhed

* We need a solution that
addresses sustainability and
performance that scales

 The time for
change is now

Long-term work
with groups to
lower binder, as
well as specifiers

Reduce
Clinke

Reduce Cement

Todays talk is really Content

looking at how we
reduce clinker in
the binder

Ahinan Meephoka | Dreamstime.com

* Three Prong approach Photo 111w




Research Framework

Kinetic Models for Dissolution
and Reaction
dmixture Delivery to Alter | ~ Thermodynam
r Deleterious Reactions | Gementitious S
ermodynamic Properties
of Materials

Azad et al. 2016
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Thermodynamic Modeling of oregonsmteumversny
OPC and SCM Systems \
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Thermodynamic
Modeling

We need to know the volumes of
the materials that would be mixed
together (Mixture proportions)

oGS, G5, GA, CAF, o
Na,O, K,0, etc &
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Modeling framework
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PASTE

CONCRETE

OPC amount and
chemical composition

(C3S, C2S, C3A, C4AF,
Na20, K20, etc.)

SCM amount, chemical
composition, maximum
reactivity

(Si02, Al203, Ca0,
Na20, K20, SO3, etc.)

Pozzolanic
reactivity test
(maximum
degree of
reactivity)

Amounts of
OPC and SCM oxide
phases
@ agiven time or
degree of hydration

+

Amount of water

Kinetic model for
OPC and SCM

Modified Pore Partitioning Model

PASTE OUTPUT

C-S-H, CH,

Concrete resistivity

Aft, Afm, etc.

Chemical
shrinkage, gel pores,
capillary pores)

+ Aggregate

Formation factor

Composition, pH,
resistivity

Pozzolanic T
Reactivity I.Darrot and
Test (PRT) Killoh Model

MPK




Modeling framework
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PASTE

CONCRETE

OPC amount and Modified Pore Partitioning Model
chemical composition

(C3S, C2S, C3A, C4AF,

Na20, K20, etc.) Amounts of

OPC and SCM oxide
phases

PASTE OUTPUT

C-S-H, CH,

Concrete resistivity

@ agiven time (?r Aft, Afm, etc.
degree of hydration
SCM amount, chemical
composition, maximum +

reactivity

Chemical

A t
shrinkage, gel pores, + geregate
capillary pores)

Amount of water

(Si02, Al203, Ca0,

Formation factor

Na20, K20, SO3, etc.)

Composition, pH,
resistivity

Pozzolanic
reactivity test
(maximum

Kinetic model for
OPC and SCM

degree of
reactivity)

Pozzolanic T -

Reactivity I.Darrot and
Test (PRT) Killoh Model




Pozzolanic Reactivity

e Slag
¢ Calcined Clay

Pozzolanic reactivity
test (“PRT”) can 0.5M o
. . . KOH
determine reactivity
of the IBM
IBM
Input into the model CH il
CH
.
[BM + CH + H,0 — _ooo8
products
! f
Measure CH Measure Heat
Consumed Released

Q (J/g9scm)

1000 ~

800 -

600 -

200 -

- = = Siliceous SCMs
- Calcareous SCMs
- - Silico-aluminous

A\ Oregon State University
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Test

Silica Fume
Fly Ash

Siliceous Region
Calcareous Region
\ ' Silico-aluminous Region

Silica Fume

Fly Ash, Class-F
Fly Ash, Class-C
Fly Ash, Off-Spec
Slag

Calcined Clay

SCowvwvd DbO

- - - DOR*=20%
----- DOR*=40%
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s DOR*=100%

I I I 1
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Demonstration of Approach gri%onsmftguqversny
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Caltrans Specification Change TR
« Generally, there is about 10%

OPC - ASM C15 :t
more limestone in C595 than C150  zy/grans:

el Wy

G « C595 cements are an ‘engineered system’
PPY  — Not simply diluting the cement
 C595 cements are finer

— Accelerated rate of reaction (overcomes dilution)
B¢ — Limestone Is softer than clinker — therefore finer
Eetotn + C595 cements can have some advantages —
e space filling, nucleation, chemical reactions
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Can SCM be used with PLC?

25%

0 5% 10% 15% 20% 25% 30%
Limestone (Wt. %)

» Porosity w/ 100% Al,O, addition %0
e ~ 38 to 39% porosity occurs

N
)]

N
o

* Low porosities can be obtained
when PLC+SCM is used

* Translates into performance

SCM Replacement (Wt.% of Binder)
o

- Specification change >
« Mixture design/prediction (PP-84) ; -
» Call with numerous SHA, interest 10 20 S

: ; &
Photo 72394692 / Fag © Weerapat Wattanapichayakul | Dreamstime.com Limestone Content in PLC (Wt.%)



y College of Engineering

Task 5: Monte
Carlo Simulation

Task 8: Setting/ Solid phases: Task 6: Transport

Controlled Dissolution Improvements

Pores:

Task 3: Batch
— il -

Task 7: Fracture
Of Composites
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Pore Solution Gives Composition of

Dissolved Phases

The University of Texas at Austin

PURDUE

UNIVERSITY

* IBMs added into solution in N, filled glove bag
C—W EEEE _ * Rotate in tumbler; open one bottle at a time

Example Dissolution Behavior of Selected IBMs

4000 100% 4000 100%
2500 Overburden Pumice 900,  Overburden Pumice 2500 90% Clay2 Mass Loss (%)
issolved Conc. (uM) ) Mass Loss (%) cs0 o o ° ° °
Dissolve . 80% ( 80%
3000 300 | [8® o @ e o °
° 70% 70%
2500 ° 5 2500 eAl  ecCa 5
. 60% e o 60%
2000 . 50% 2000 oK eMg 50%
@Al @Ca @S
1500 | _® e 40% 1500 . 40% o808 o ® o °
® Fe ®K ®Mg 0% . Clay2 Dissolved 30% |®
1000 |m e °® L4 1000
. 20% oo ® Conc. (LM) 20% o
°
>00 oo o ° ° 10% % 500 10%
§o e o o o , i Y j_‘ $
0 e o o & o ® 0% 0 0 o 0%
0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30
Time (d) Time (d) Time (d) Time (d)

* Overburden Pumice kept dissolving, all data can be e Clay 2 contains calcined kaolinite with quartz
used to quantify reactivity of amorphous * Its dissolution plateaued after about 7 days




u i i 0. Oregon State Universi
Next Step: Link Mass Loss ?f IBM in B s & TEXAS
Paste to Mass Loss of IBM in

Simulated Pore Solution Dissolution

IBM rate of reaction (mass/time), determined
by mass loss of IBMs from selective dissolution

reaction over

time in paste

Link Mass Loss in
paste and solution

of dissolved IBM
over time in
pore solution

MPK Model to
Obtain Kinetics
Coefficients of Each
Components

=

Reacted
Components at
Given Times

Composition of reacted IBM at certain IBM

mass loss (composition/mass), determined
from Al, Ca, Si conc. in simulated pore solution

The University of Texas at Austin

PURDUE

UNIVERSITY

GEMS for
Thermodynamic
Simulation of
Reaction Products
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Models for Mechanical Pl'ODEl"tIES@ PURDUE

Thermodynamic Model

~

/ Inputs

* OPC & SCM
compositions

*  SCM reactivity

Mixture proportions

Pore Partitioning
Model (PPM)

/

Outputs

*  Volume of reaction
products

* Pore solution
composition

" Chemical Shrinkage

Pore Solution

80 |

Volume Fraction (%)

Unhydrated Binder

v

Inputs

Thermodynamic model
outputs

A4

-

Fraction

Wolume

U
20 30 40 50
SCM Rgplaoement (gflﬂogh ar)

Outputs

Volume fractions of

reaction products

o Gel water, capillary
water

o Gelsolid

o clinker

Pore solution
composition

Capillary Water

Property-Porosity
Relations

v

Inputs
*  PPM outputs

A 4

Outputs

* FElastic modulus

development of paste

* Tensile strength
development of paste

* Fracture toughness
development of paste

11y

“n” increase

1

09
0.8
0.7

LJnh,.dratedf Imker

Degree of Hydratlon

FEM-based
Mechanical model

0 02 04 06 08 1
porosity P (%)

v

Inputs

* Property-porosity
relations outputs

* Mechanical properties of

aggregate

W

Outputs

» Tensile strength of
paste under B3B
loading

* Flexural strength of
mortar under 3PB
loading

~

VERSITY
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Models for Mechanical Properties @ PURDUE
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FEM-based Mechanical model

Mechanical properties of paste

E, o Gy
Property-Porosity Relationship AutoCaD sketch Abaqus mesh Three-point bending FEM model
AN SN~/ -
Pore (= )CJ
no mechanical O Solid
properties mechanical properties
,\/O CX E1 O-fl Glc
N NN
Elastic Modulus Fracture Energy
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GO, Fracture toughness at 0 porosity ¢ ,Paste Porosity (%)
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Task 5: Monte
Carlo Simulation
Task 8: Setting/ Solid phases: Task 6: Transport
Controlled Dissolution - Improvements
Task 3: Batch
DiSSOlution Pore solution:

Task 7: Fracture
Of Composites




Off-spec high sulfur fly ash can affect concrete
performance significantly; suitable beneficiating
admixtures were developed

0. Oregon State University TEXA
College of Engineering

The University of Texas at Austin

@8 PURDUE

600 . . . 14.5
| Vicat setting time of paste

500 1 14 A
= 400 - L .
£ | - 13.5 -
3 300 - = 1
£ 1 2 13 4
= 200 ] g 1

100 4 12.5 A

0 - 12 -
Initial set Final set

mCFA = TFA mTFA + 5% CAc
= FBC “FBC +2% CBr  WHSFAL = CFA

HSFAl + 3% CBr mHSFA2 mHSFA2 + 3% CBr WTFA
CFA Control fly ash CAC
TFA Trona-impacted fly ash (high sulfur and alkali)
HSFAL1/2  High sulfur fly ash with hannebachite MAC

FBC Fluidized bed combustion ash (high sulfur — anhydrite

| Pore solution pH of paste

0 7 28
Age (days)
m CFA+2%CAcC = CFA+2.5%MAC

mTFA+5%CAC B TFA+6%MAC

Calcium acetate (reduces pore solution pH and
prevents flash set due to Na,CO,)

Magnesium acetate (reduces pore solution pH)

CBr Calcium bromide (accelerator




Development of polymer barriers and coatin (R, OregontateUniversity [
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methods for controlling dissolution kinetics

and triggered release

The University of Tex
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Potential polymer coatings capable of

delaying admixture delivery over 100- Potential polymers capable of ion transport or are degradable
fold in terms of time. at high pH for delayed dissolution.

; Aly(SO,);18 H,0 in DI water Barrier Complexing Degradable Rubbery
=4 5 no coating pOIVmer polymer polymer polymer
E 1 e salt-PDMS

m - -

= o b e PDMS-salt-PS \l * b \f
~ 1 - * salt-epoxy H - m
3 T |

So2gerttt IR

? 3 F“' o ®®® < o L H R,

) . . . - - - Polystyrene-block-
- 4 Poly(styrene) (PS) Polystyrene- bIoc‘k polystyrfane .block ystyren:

0 5000 10000 15000 20000 polyethylene oxide polylactic acid polybutadiene
time (min) (PS-PEO) (PS-PLA) (PS-PBD)
Salt- Functional film
@pH=4 control Salt-PDMS PDMS-salt-PS ebOX |
. il AL(SO,);  18H,0 —F 1
Time 4 oq 17092 18615 16943 PDMS — |

(min)

PDMS substrate
> 100-fold > 100-fold > 100-fold
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Monte Carlo Simulations &
Couple C-(A)-S-H Models

CC Compositions from Literature
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100 ‘
4l 2 -}--JenD
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90 - r 35 1.8 ~4-Tob D
16 ~¢--Tob H
80 - SR S e S - KSiOH
30 o el ~---NaSiOH
8 70 | | 'g ........................... [ 14 O ___E____SCA
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S 60 1 ! = o - INFCNA
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20 1 4 S 0.2
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ol [ — , e e o Mass Replacement (%)
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Component It is important to use the right CSH model !



Summary
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This project focused on developing the pozzolanic reactivity test
(PRT) to evaluate industrial by products for use in concrete

Update of kinetic modeling that is essential for SCM

lllustrate value for Caltrans specifications (PLC + SCM)

Updating dissolution models
Porosity to strength models

As setting and admixtures
to relate dissolution

Monte carlo simulations

|

Screening Tools for IBM
'Evaluation: Provide Inputs for

Thermodynamic/Kinetic Modeling

Kinetic Models for Dissolution
and Reaction

Admixture Delivery to Alter Thermodynamic /Kineﬁc,-;' 0
Set or Deleterious Reactions | Cementitious System Incorporating IB

Thermodynamic Properties
of Materials

[

Weiss et al. 2018







Example Results:
Porosity s5

. . 100,000 compositions of OPC
One specific composition of OPC

45% - + s §
100,000 compositions and DOR*s of CC

ATD .
m Oregon State University

One specific composition and DOR* of CC

40% - 240 -
o
R O 3
S 35%\! 2
o - 3
300 L7 .=~ PLC +5% CC
—==PLC + 10% CC
—-—- PLC + 15% CC [ 1
- - -PLC + 10% SiO, -+-oPC
25% T T T T I T ¥ T T T Y 1 _I"OPC + 05%CC
0 5% 10% 15% 20% 25% 30% 30 -F-OPC + 10%CC
Limestone in cement (Wt. %) 0 5 10 15 20 25 30

Limestone in cement (Wt. %)




